The prototrophic clones formed after fusion of mixed protoplasts from two polyauxotrophic strains of Bacillus subtilis have been counted both as L-form colonies and as bacterial colonies, by plating on selective medium in the presence and in the absence of methicillin. On average, one hundred times as many prototrophic colonies were counted when cell wall regeneration was prevented by the antibiotic. Thus genetic inactivation, which occurs regularly in bacterial exfusants, may be dependent on cell wall regeneration.
INTRODUCTION
Extensive studies of the various kinds of bacterial clones produced by fusion of Bacillus subtilis protoplasts, of their stability, and of the transforming activities of DNA extracted from them have led to the following general conclusions (Levi-Meyrueis & Sanchez-Rivas, 1984; Schaeffer & Hirschbein, 1985) . Whatever their phenotype, the clones investigated contained all the genetic information of the parental strains and for that reason were said to be diploid. Not all their genetic material was expressed, however, and the unexpressed part was said to be inactive. Genetic inactivation may affect a complete chromosome, or only a segment of it, depending on the particular clone under consideration. Inactivation interfered with normal transcription (Hirschbein & Guillen, 1982) and strongly reduced the transforming activity of isolated purified DNA (Levi-Meyrueis & Sanchez-Rivas, 1984; Guillen & Hirschbein, personal communication) . Very little is known about its biochemical mechanism. It was concluded that in exfusant bacteria, which most probably had regenerated their cell wall when cell division was resumed, some degree at least of genetic inactivation was the rule, and complete functional complementation, which requires expression of the two entire genomes, was the exception.
When two strains lysogenized with mutants of phage 4105 bearing suppressible mutations in different cistrons were fused, however, the opposite conclusion was reached (Sanchez-Rivas & Garro, 1979) . In this work, phage development was induced by mitomycin treatment before the cells were made into protoplasts, the latter were fused and plated onto regeneration medium together with indicator bacteria. By so doing, infectious centres, due to complementation between the two phage mutants, could be counted as plaques after incubation. No plaques were formed in the absence of protoplast fusion. The high plaque numbers strongly indicated that functional complementation was the rule in the heterodiploid protoplasts, which most probably had produced phage and lysed before they had time to regenerate their wall. 
Taken together these observations suggested that a normal cell wall might be required for genetic inactivation to take place in a bacterial cell. The purpose of the present work was to test this hypothesis.
M E T H O D S
Micro-orgunisms. Two polyauxotrophic strains of Bucillus subtilis were used : Mu8u5u5 with the genotype metB5 leu4 thr-5 from Yoshikawa & Sueoka (1963) , and M0239 with genotype rfm-486 purB34 uru-1 urge4 from Levi et ul. (1977) .
Profoplusf,f~rmution undjirsion. Bacteria were converted to protoplasts by the action of lysozyme and their fusion induced by polyethylene glycol (PEG) as previously described (Schaeffer et ul., 1976) .
Selection qf profotrophs. The fused protoplasts were plated on a minimal regeneration medium (mini R ; Sanchez-Rivas, 1982) or on the same medium containing 100 pg methicillin ml-' (Mc, Sigma), which allows the formation of L-form (L) colonies only. Bacterial colonies on mini R were counted with the naked eye after 1. Table 1 , and similar ones carried out with strain M0239 (results not shown), the following seemed to be generally true: (i) no bacterial colonies formed on Mc media, and no L colonies on normal media (tiny colonies could be seen under the microscope on the latter after 4 d incubation, but since they did not have a 'fried egg' appearance, and since protoplasts could not be seen at higher magnification, they were disregarded); (ii) whether bacterial or L colonies were looked at, the e.0.p. was not significantly affected by differences in the composition of the medium or the temperature of incubation; (iii) in all the experimental conditions tested, plating for L colonies was 2-5 times less efficient than plating for bacterial colonies. These results were confirmed in a slightly more sophisticated experiment (Table 2) which also showed that in the absence of induced fusion no prototrophs were formed from either of the triple auxotrophs on either the bacterial or L-form plates.
Proportion oj' prototrophic clones among bacterial and L form colonies
The above experiment was repeated, except that fusion of the mixed protoplasts was induced by the addition of 40% (w/v) PEG. The results in Table 2 indicate that 100-200 times as many colonies appeared on mini R medium plus Mc than on mini R medium alone. When total numbers of colonies present on AB medium (see Table 2 ) are taken into account it means that 860 times as many prototrophs are present among L colonies as among bacterial colonies (1 in 5 in the former case as against 1 in 4300 in the latter). In other experiments this factor varied from 40 to 1000, being most often between 100 and 200. DISCUSSION N o special precautions (see Gabor & Hotchkiss, 1979) were taken in this work to obtain regularly high e.0.p. values of protoplasts on normal media, but since in the critical fusion experiments ( Table 2 ) the e.0.p. had a mean value of 15% (60 x lo6 bacterial colonies per ml counted), and the e.0.p. on Mc medium was five times lower (12-5 x lo6 L colonies per ml counted), this does not seem likely to invalidate the conclusions given below.
The evidence presented here suggests that in heterodiploid fused protoplasts the two parental chromosomes are much more likely to be simultaneously expressed and lead to prototrophy by complementation before a wall has been regenerated rather than after, as if a normal wall with possible attachment to it of the chromosomes (Doyle et al. , 1980, 1983) were somehow required for genetic inactivation. If this were correct, non-complementing diploid (Ncd) cells which have one entire chromosome inactivated (Hotchkiss & Gabor, 1980) should only appear in large numbers after cell walls have been regenerated. Bacteria/ and L-jorm colonies formed from protoplasts of 
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strain Mu8u.5~5
Serial dilutions of a suspension of protoplasts prepared from strain Mu8u5u5 were plated onto two media derived from mini R medium, each either without Mc or containing 100 pg Mc ml-' : A, mini R medium supplemented with methionine, leucine and threonine (each at 40 pg ml-I); ACh, as medium A but also containing 50 pg casein hydrolysate ml-l. After incubation colonies were counted as described in Methods. Counts are per 4 x 10* protoplasts. The analysis of a population of phenotypically different bacteria produced by fusion was easy, when variability was low, by cloning and characterizing single clones by replica plating (see Schaeffer & Hirschbein, 1985) . This analysis became very difficult for exfusant L-form colonies. Cell transfer from L colonies with a velvet pad (i.e. replica plating) was unpredictable, and even cloning was a problem since the cells could not be dispersed evenly in suspensions. In addition very little was known of their e.o.p., particularly on minimal media. Thus the identification of Ncd colonies of L forms among parental ones of identical phenotype is exceedingly difficult. In order to establish that a normal cell wall in bacteria is a strict prerequisite for genetic inactivation a more appealing approach would seem to be to make use of various available mutants, blocked conditionally in peptidoglycan synthesis. This approach is presently being considered.
